Phenotypical alterations observed in rolB-transformed plants have been proposed to result from a rise in intracellular free auxin due to a RolB-catalyzed hydrolysis of auxin conjugates (J.J. Estruch, J. Schell, A. Spena [1991] EMBO J 10: 3125-3128). We have investigated this hypothesis in detail using tobacco (Nicofiana tabacum) mesophyll protoplasts isolated from plants transformed with the rolB gene under the control of its own promoter (BBCUS 6 clone) or the cauliflower mosaic virus 35s promoter (CaMVBT 3 clone). Protoplasts expressing rolB showed an increased sensitivity to the auxin-induced hyperpolarization of the plasma membrane when triggered with exogenous auxin. Because this phenotypical trait was homogeneously displayed over the entire population, protoplasts were judged to be a more reliable test system than the tissue fragments used in previous studies to monitor rolB gene effects on cellular auxin levels. Accumulation of free 1-[3H]-naphthaleneacetic acid (NAA) was equivalent in CaMVBT 3, BBCUS 6, and wild-type protoplasts. Naphthyl-B-glucose ester, the major NAA metabolite in protoplasts, reached similar levels in CaMVBT 3 and normal protoplasts and was hydrolyzed at the same rate in BBCUS 6 and normal protoplasts. Furthermore, NAA accumulation and metabolism in BBCUS 6 protoplasts were independent of the rolB gene expression level. Essentially similar results were obtained with indoleacetic acid. Thus, i t was concluded that the rolB-dependent behavior of transgenic tobacco protoplasts is not a consequence of modifying the intracellular auxin concentration but likely results from changes in the auxin perception pathway.
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The rolB gene from Agrobacterium rhizogenes has been shown to be particularly efficient in promoting root formation in different host plants (White et al., 1985; Cardarelli et al., 1987; Spena et al., 1987) . The mechanism of action of the RolB protein is unknown, but the developmental and the physiological alterations observed in plants expressing the gene have suggested an enhancement of the response to auxin, possibly connected with an increase in hormone responsiveness or a higher hormonal content (see review in Zambryski et al., 1989) . This work was supported by funds from the Centre National de la Recherche Scientifique (UPR0040), the Institut National de la Recherche Agronomique, and the European Economic Community (contract BIOT-CT90-0178).
The hypothesis that the morphogenetic effects of rolB transformation might involve changes in hormone responsiveness has been supported by a number of reports where increased sensitivity to auxin was described for excised organs (Shen et al., 1988 (Shen et al., , 1990 Spano et al., 1988) and isolated protoplasts (Shen et al., 1988 (Shen et al., , 1990 Barbier-Brygoo et al., 1991) from various materials containing the whole pRi T-DNA or some of its subfragments. Maurel et al. (1991) have shown in particular that rolB is able to alter the auxin-induced hyperpolarization of the plasma membrane in isolated tobacco (Nicotiana tabacum) mesophyll protoplasts. The exogenous auxin concentration required to trigger maximal hyperpolarization of rolB-transformed protoplasts was 105-fold lower than that required to provoke the same reaction in untransformed protoplasts. This shift in auxin sensitivity of the plasma membrane response is the only effect described for the rolB gene at the cellular level so far.
The altemative hypothesis that the morphogenetic effects of rolB transformation might result from changes in the auxin content of transformed plants was raised from the observation that the RolB protein, expressed in Escherichia coli, exhibited a glucosidase activity toward indoxyl-P-glucoside (plant indican) (Estruch et al., 1991) . On this basis, the authors made the assumption that RolB was able to increase the free IAA level in transformed cells by releasing hormone from its Glc ester conjugates. They accordingly suggested that the primary effect of rolB expression was a rise in the intracellular auxin concentration responsible for the phenotypic alterations seen in transgenic tissues (Estruch et al., 1991; Spena et al., 1992) .
It has been recently established that neither free IAA levels nor IAA conjugate levels are modified in transgenic tobacco plants expressing rolB (Nilsson et al., 1993; Schmiilling et al., 1993) . It has also been shown that the rate of IAA metabolism and the in vivo hydrolysis of exogenously supplied IAA Glc ester or other IAA conjugates are unchanged in 35s-rolB tobacco plants (Nilsson et al., 1993) . However, these results concemed tissues fragments in which rolB gene expression was inferred from morphological alterations seen in whole plants. The aim of the present study was to test the hypothesis Plant Physiol. Vol. 105, 1994 of Estruch et al. (1991) at the cellular level in a tobacco protoplast system that reacts specifically to exogenous NAA and other auxins by an increase of the transmembrane electrical potential (Ephritikhine et al., 1987) . Phenotypical expression of rolB can be assessed in this system from a typical increase in auxin sensitivity of the protoplast membrane response from the micromolar range in untransformed protoplasts to the subnanomolar range in rolB-transformed protoplasts (Maurel et al., 1991) . Besides, the major NAA conjugate synthesized by the tobacco protoplasts during the first hours of incubation with NAA was a NAA-P-Glc ester, in contrast to exogenous IAA, for which the Glc ester represented a minor metabolite (A. Delbarre, P. Muller, V. Imhoff, J.L. Morgat, H. Barbier-Brygoo, unpublished data). For these reasons, analysis of the NAA accumulation in rolB-transformed protoplasts offered a unique opportunity to investigate a possible effect of the rolB gene on the metabolism of the auxin Glc esters.
We have compared the accumulation levels and the metabolism of both IAA and NAA in leaf protoplasts isolated from normal tobacco plants and from two transformed clones expressing rolB. We have shown that the intracellular concentrations of the free hormones were unchanged in transgenic protoplasts compared with wild-type protoplasts. Neither the uptake and the accumulation nor the metabolism of auxins was dependent on the expression level of the rolB gene. Naphthyl-P-Glc ester was hydrolyzed at the same rate in normal and transgenic protoplasts. Our results suggest that RolB raises the auxin sensitivity of the electrical response of rolB-transformed protoplasts independently of changes in the intracellular concentration of auxin.
MATERIALS AND METHODS

Plant Material
Tobacco protoplasts (Nicotiana tabacum cv Xanthi) were obtained from XHFD8 wild-type plants and from two transgenic clones containing rolB plus a ro1B:GUS fusion gene (BBGUS 6 transgenic plant) (Maurel et al., 1994) and rolB under control of the cauliflower mosaic virus 35s promoter (construction pPCV002-CaMVBT [Spena et al., 19871) (CaMVBT 3 transgenic plant) (C. Perrot-Rechenmann, unpublished results). Gene constructions were introduced into plants by Agrobacterium rhizogenes-mediated transformation of leaf discs as described by Maurel et al. (1990) . Southem analysis revealed the presence of T-DNA inserts co-linear with the construction in both transformants. All plants were grown at 2OoC on a vermiculite support under 9 h of daylight.
Protoplasts were isolated from peeled leaf strips by a 16-h digestion in To growth medium (Caboche, 1980) containing (w/v) 0.1 % cellulase "Onozuka" R-10 (Yakult, Tokyo, Japan), 0.02% macerozyme R-10 (Yakult), 0.05% driselase (Sigma), and 15 PM NAA. After digestion, protoplasts were twice washed at 4OC in 0.3 M KCl, 5 m~ CaC12, 1 m Mes, pH 5.7. Protoplasts were resuspended in To medium at a density of 1 x 106 protoplasts mL-' and stored at 4OC until use. In some experiments, mentioned in the text, NAA was omitted from the preparation medium.
Chemicals
A11 chemicals were of analytical grade. IAA and NAA (Aldrich.) were recrystallized in ethanol-water prior to use.
[3H]NA4 (1000 TBq mol-') was synthesized according to a procedure described by Melhado et al. (1982) .
[3H]IAA (800-1000 TElq mol-') was purchased from Amershant.
Measurlement of the Membrane Potential Difference in ProtopLasts
The transmembrane electrical potential difference of the protoplasts was measured by the microelectrode technique described by Ephritikhine et al. (1987) . Measurements were done at room temperature on aliquot fractions tof the stock suspension diluted at 5 X 104 protoplasts mL-' in. To medium containing different concentrations of NAA. For each concentration tested, 15 to 20 individual measurements were perfomed.
Measurement of the Auxin Accumulation Leve1 s
The procedure employed for measuring auxin accumulation in ~xotoplasts will be described elsewhere (A. Delbarre, P. Muller, V. Imhoff, J.L. Morgat, H. Barbier-Brygoo, unpublished rlesults). Briefly, protoplasts (1 X 106 protoplasts mL-' in To, p1-I 5.7) were incubated with 5 p~ tritium-Libeled auxin (10 KBql mL-' NAA or 40 KBq mL-' IAA) at room temperature. At the end of the incubation, protoplasts were separated from thle medium (200-+L aliquot fractions) by silicon oil filtratioin, and radioactivity was counted in the pellet and the supernadant. The proportion of interstitial m d u m sedimented with the protoplasts (8-20% of the pellet) and the volume occupied by the protoplasts in the pellet were estimated tn separate experiments by measuring repartitions between the pellet and the supematant of the diffusive tracer [3H]H2C) and the nonpermeant tracer ['4C]inulirte carboxylic acid. The quantity of labeled auxin accumul'ited by the protop1,ists was calculated using these parameters. Auxin bound to membranes, estimated from the radioactivity recovered in pr9toplasts disrupted after vacuum filtration of the suslpension onto a nitrocellulose filter, repi esented less than 1% of the accumulated amount. The intracellular concentration in free auxin was calculated by subtracting the contribiition of the labeled metabolites from the radioactivity recovered in protoplasts. Auxin concentration in the bulk solutiori was measured in parallel. Medium contained only unmetabolized hormone. The capacity of the protoplasts to accumiilate auxin was defined as the ratio C, to c,.
Metabolite Analysis
Quaritification and partia1 identification of auxin derivatives in protoplast methanol extracts were camed out by silica gel TLC, in comparison with appropriate standards, using two difjferent solvent systems (A, ch1oroform:methanol:acetic acid [7Ei:20:5, v/v] ; C, isopropyl alcoho1:ammonium hydroxide:water [8:1:1, v/v]). Migration profiles were nionitored by scanning radioactivity on TLC plates with a 'l'race Master Berthold 284 LB linear analyzer (EGG Berthold, Elad Wildbad, Germany) and by counting radioactivity in 5-mm strips after elution with 80% methanol.
Auxin-@-Glc ester conjugates were identified after purification from free auxin and other auxin metabolites by TLC in solvent A. Ester linkage was rapidly cleaved by dilute KOH (0.05 N KOH, 25OC, 1 h) and @-glucosidase emulsin (0.05 unit, 25OC, 1 h, pH 5.5) but not by yeast a-glucosidase (0.1 unit, 25OC, 1 h, pH 6.8). After hydrolysis, an unmodified auxin and a reducing sugar residue, which was identified as Glc by TLC in butano1:acetic acid:water (4:1:1, v/v) and staining with benzidine trichloroacetic reagent (Bacon and Edelman, 195 I), were recovered. In addition, the chemical structure of 1 -(naphthyl-1 -acetyl)-@-D-glucopyranose (mo1 wt 348), prepared in large amount from wild-type and BBGUS 6 protoplasts, was confirmed by MS.
Assays for a NAA Clucosyl Esterase Activity in Protoplasts
Protoplasts (1 X 106 protoplasts mL-') were gently homogenized in 50 mM sodium phosphate buffer, pH 7.0, with a Potter-Elvehjem homogenizer. The homogenate was centrifuged at 100,OOOg for 35 min and the supematant (Sloo) was saturated with solid ammonium sulfate. Proteins (0.97 f 0.08 ng protoplast-', n = 6), referred to as Sloo proteins, were precipitated ovemight at 4OC, pelleted at 100,OOOg for 35 min, and dissolved in 50 m~ sodium citrate buffer, pH 5.5, to give a final concentration of 20 mg mL-'. To measure the esterase activity of the protein extracts, 4 mg mL-' protein in the same buffer was incubated for up to 7 h at 25OC in the presence of 50 PM purified NAA Glc ester (25-to 100-pL assays). Reactions were stopped by addition of 2 volumes of cold absolute ethanol and samples were immediately stored at -2OOC prior to further treatment. Products were run on TLC plates in solvent A and identified as described above. Boiled preparations were used as controls. In other experiments, Sloo proteins were replaced by crude homogenates prepared from 0.5 to 2 X 105 protoplasts per 100-pL assay (3.7 f 0.7 ng protein protoplast-I, n = 10). For these experiments, protoplasts were directly homogenized in pH 5.5 citrate buffer.
For in vivo pulse-chase experiments, protoplasts (4-5 mL suspension at a density of 106 protoplasts mL-' in T, buffer, pH 5.7) were fed with 5 PM [3H]NAA (10 KBq mL-') for 2 h at room temperature. Thereafter, 80 to 90% of the adsorbed free tracer was removed in two rapid washes with 20 mL of ice-cold buffer containing 5 PM unlabeled NAA. Protoplasts were finally resuspended in 4 to 5 mL of the same buffer. Modifications of the radioactivity in the protoplasts were monitored for 4 h at room temperature, and the relative proportions of NAA and of its Glc ester were quantified as described above.
RESULTS lncrease in Sensitivity of the Auxin-lnduced Electrical
Response of rolS-Transformed Protoplasts
Protoplasts were isolated from wild-type tobacco plants and from plants transformed with the rolB gene of A . rhizogenes under the control of its own promoter (BBGUS 6 clone) or the cauliflower mosaic virus 35s promoter (CaMVBT 3 clone). Northern analysis using a rolB probe showed that CaMVBT 3 protoplasts expressed rolB mRNAs constitutively (C. Perrot-Rechenmann, unpublished results), whereas BBGUS 6 protoplasts expressed these RNAs to high levels only when they were isolated or incubated in the presence of NAA (Maurel et al., 1994) . Stimulation of GUS expression by auxin in BBGUS protoplasts was essentially the same as that found in plants containing rolB:GUS only (Maurel et al., 1990; Capone et al., 1991) . In particular, GUS activity in protoplasts prepared by ovemight digestion of the leaf fragments in the presence of 15 PM NAA was increased severa1 times compared to protoplasts isolated in the absence of auxin (data not shown). Thus, rolB gene expression in BBGUS 6 protoplasts could be switched on by digesting the leaf fragments in the presence of auxin.
Tobacco mesophyll protoplasts react specifically to auxin by an increase in their transmembrane potential difference (Ephritikhine et al., 1987) . Figure 1A shows the dose dependente of the electrical membrane response to auxin of wildtype and CaMVBT 3 protoplasts. Figure 1B shows the doseresponse curves obtained for BBGUS 6 protoplasts prepared in the presence and the absence of NAA. Maximal membrane hyperpolarization was obtained with 3 PM extemal NAA in wild-type protoplasts and in BBGUS 6 protoplasts prepared without auxin. By contrast, only 30 PM extemal NAA was necessary to trigger the electrical response in CaMVBT 3 protoplasts and in BBGUS 6 protoplasts isolated in the pres- ence of auxin. Protoplasts expressing rolB displayed a sensitivity to NAA about 104 to 105 times higher than protoplasts that did not express the gene, in agreement with data previously reported for protoplasts transformed with other rolB constructions (Maurel et al., 1991) . It is important to note that, with our microelectrode technique, transformed protoplasts were indwidually tested for their electrical membrane response and a11 exhibited the same increase in sensitivity to NAA. This suggested that rolB gene expression was homogeneous over the entire population of transformed protoplasts.
Uptake and Metabolism of Auxins by Wild-Type and Transformed Protoplasts Expressing rolB
Protoplasts used in this series of experiments were prepared by ovemight digestion of leaf tissues in the presence of 15 PM NAA, i.e. under conditions allowing full activation of the rolB promoter (Maurel et al., 1990) . Figure 2A shows that the accumulation of free NAA followed the same kinetics in protoplasts prepared from wild-type, BBGUS 6, and CaMVBT 3 tobacco plants. Because the electrical response in transformed protoplasts occurred at a much lower auxin concentration than in untransformed protoplasts, NAA accumulation was compared in wild-type and BBGUS protoplasts at the lowest extemal auxin concentration (10 nM) compatible with the technique. Free auxin was accumulated 9.3 & 2.9 (n = 5) and 10.1 & 3.8 (n = 5) times over the external concentration in transformed and untransformed ~xotoplasts, respectively. These results confirmed similarities between wild-type and BBGUS 6 protoplasts.
In willd-type, as in BBGUS 6 and CaMVBT 3 ~xotoplasts, NAA was extensively converted during the first 2 to 3 h of incubation into the same major product, identified as 1-(naphthyl-l-acetyl)-/3-D-glucopyranose (see "Materials and Methodr;"). The accumulation rate for this conjugate was similar in wild-type and in CaMVBT 3 protoplasts but was reduced 2-to 3-fold in BBGUS 6 protoplasts (Fig. 2B) . However, underaccumulation of the NAA Glc ester in BBGUS 6 protoplasts proved to be nonspecific for auxin because it was also observed with benzoic acid, which was extcnsively esterified with Glc (data not shown). Figure 3 presents some results conceming the uptake and metabolism of the natural auxin IAA by wild-type, BBGUS 6, and CaMVBT 3 protoplasts. Figure 3A shows that intemal IAA concentration was similar in wild-type and BBGUS 6 protoplasts but was about 30% lower in CaMVBT 3 protoplasts. This is probably a consequence of a higher rate of metabolism in the CaMVBT protoplasts, which rapidly depleted the auxin in the medium (see below). Accumulation ratios for free JAA were indeed similar in wild-type (Ci:Ce = 2.4 f 0.3; n = 6), BBGUS 6 (Ci:C, = 2.3 f 0.2; n = 4), and CaMVBT 3 (Ci:Ce = 2.2 f 0.2; n = 2) protoplasts. IAA was converted into at least four products ( R F = 0.04, 0.15, 0.20, and 0.30 in solvent A) in untransformed and transformed protoplasts. In contrast to what was observed with NAA under the same conditions, IAA Glc ester (RF = 0.30) was a minor component representing only 5 to 10% of total auxin metabolites. The kinetics for the appearance of this conjugate were quite similar in wild-type, BBGUS 6, and CaMVBT 3 protoplasts (Fig. 3B) . Polar metabolites were accumulated at the same rate in BBGUS 6 and wild-type protoplasts, but two to four times more rapidly in CaMVBT 3 (Fig. 3C) . The most abundant ( R F = 0.20) of them, averaging 50% of total metabolites, has been tentatively identified as the amide conjugate of aspartic acid (A. Delbarre, P. Muller, V. Imhoff, J.L. Morgat, H. Barbier-Brygoo, unpublished results). Thus, as shown in the case of NAA, protoplasts isolated from transformed and untransformed plants could not be distinguished on the basis of their accumulation and metabolism of IAA from an exogenous supply.
Another set of experiments was designed to compare the accumulation and conjugation of NAA in BBGUS 6 protoplasts expressing rolB to the accumulation and conjugation of NAA in BBGUS 6 protoplasts that did not express the gene. The kinetics for the accumulation of free and Glcesterified NAA were similar in protoplasts digested overnight in the presence of 15 PM NAA (expressing rolB) and in protoplasts prepared without auxin and were identical to those presented in Figure 2 . We also explored the possibility that rolB expression could induce early but transient changes in auxin uptake and metabolism that could have disappeared after the overnight digestion. [3H]NAA accumulation was measured in BBGUS 6 protoplasts prepared without NAA and then cultured for 1.5 h, 5.5 h, and 9 h in the absence (control) or in the presence of 10 PM NAA. Under these conditions, NAA elicited a massive rolB-mRNA accumulation, starting after 6 to 9 h, whereas protoplasts reached maximal auxin sensitivity of their membrane response after 6 h of auxin supply (Maurel et al., 1994) . As shown in Figure  4 , at a11 these different periods of induction, NAA-stimulated protoplasts contained levels of free and Glc-esterified NAA comparable with those measured in control protoplasts.
Hydrolysis of NAA Clc Ester by Wild-Type and BBCUS 6 Protoplasts
Most of the physiological data conceming the increased sensitivity of rolB-transformed protoplasts to exogenous auxins have been established by using NAA (Maurel et al., 1990 (Maurel et al., , 1991 Barbier-Brygoo et al., 1991; Capone et al., 1991) . Moreover, and in contrast to what was observed with IAA, the major NAA metabolite present during the first hours of incubation in tobacco leaf protoplasts is a NAA-P-Glc ester (Fig. 2) . For these reasons, protoplasts provided a source of substrate for the RolB protein and allowed us to investigate a possible effect of the protein on the metabolism of auxin Glc esters in vitro and in vivo.
The ability of crude homogenates and soluble proteins (Slo0 proteins) prepared from wild-type and BBGUS 6 protoplasts to hydrolyze the NAA Glc ester in vitro was determined at pH 5.5, reported to be optimal for P-glucosidase activity of RolB (Estruch et al., 1991) . No difference was found between genotypes for either type of extract (Table I) . Only 50% of the esterase activity contained in the protoplast homogenates was recovered in soluble proteins. However, if one refers to protein concentration, soluble proteins (1 ng proteins protoplast-') were twice as efficient as crude extracts (4 ng proteins protoplast-'), suggesting that most of the ester-hydrolyzing enzymes were soluble or loosely bound to membranes.
The in vivo degradation of endogenous NAA Glc ester in protoplasts was also investigated in pulse-chase experiments. BBGUS 6 and wild-type protoplasts were allowed to synthesize labeled NAA Glc ester during a 2-h incubation at room temperature in the presence of 5 PM labeled NAA. Figure 5 shows that the concentration of the labeled ester decayed exponentially throughout the chase, reaching 40% of its initial value after 4 h in both genotypes. The concentration of the other NAA metabolites remained almost unchanged during the same period (data not shown). We checked that the released radioactivity was quantitatively recovered in the bulk solution. The plots in Figure 5 were normalized to account for the difference in the NAA Glc ester contents displayed by the two types of protoplast preparations. Relative declines in the ester concentration were similar in wildtype (4.7 f 1.0 x 10-3 min-'; n = 4) and in BBGUS 6 (4.9 f 0.6 X 10-3 min-'; tl = 4) protoplasts (data from Fig. 5 ) .
DlSCUSSlON
The rolB gene product affects some auxin responses, such as auxin-induced membrane hyperpolarization of leaf protoplasts, but has no influence on other types of response (Maurel et al., 1991) . The shift in sensitivity to auxin exhibited lnduction time (hours) by rolB-transformed tobacco leaf protoplasts is the first and only effect described for this gene at the cellular level. This property has been used to test, at the cellular level, the assumption that rolB encodes a P-glucosidase able to split auxin Glc conjugates (Estruch et al., 1991) .
We show here that roZB influences neither the accumulation nor the metabolism of exogenous auxins in tobacco leaf protoplasts, whereas it shifts drastically their membrane response to lower auxin concentrations. This statement is based on the following arguments. First, similar rates of NAA uptake and similar accumulation levels of free NAA at equilibrium were measured in wild-type protoplasts and protoplasts containing roZB under the control of its own promoter (BBGUS 6 clone) or the cauliflower mosaic virus 355 promoter (CaMVBT 3 clone), whereas BBGUS 6-and CaMVBT 3-transformed protoplasts displayed a sensitivity to auxin 105-fold higher compared with wild type. Second, comparable amounts of NAA Glc ester were accumulated in wild-type and CaMVBT protoplasts. Underaccumulation of NAA Glc ester in BBGUS 6 protoplasts was unlikely to be related to a possible 6-glucosidase activity of RolB, because it was not noticed in CaMVBT 3 protoplasts and was not influenced by auxin preincubation in BBGUS 6 protoplasts. Third, auxin treatment did not modify the capacity of BBGUS 6 protoplasts prepared in the absence of auxin to accumulate and metabolize NAA, yet their sensitivity to exogenous auxin was largely increased during the same period of time. Fourth, no further hydrolyzing activity directed against NAA Glc ester could be detected in rolB-transformed protoplasts expressing the gene compared with wild-type protoplasts, in either in vitro or in vivo experiments. In addition, the behavior of protoplasts toward exogenous IAA was basically the same as that described for NAA. Again, no influence of rolB on IAA uptake and conversion to Glc ester could be observed, so that a possible specificity of the gene effect toward natural auxin could be disregarded.
Our results were consistent with data showing that hairy roots from bittersweet nightshade (Gartland et al., 1991) and pea (Schaerer and Pilet, 1993) and shoots from TL-DNAtransformed rape seed (Julliard et al., 1992) display normal levels of endogenous IAA. More specifically, our results agreed with the recent evidence that the expression of the 35s rolB gene in tobacco plants has no significant effect on either the endogenous levels of IAA (Nilsson et al., 1993; Schmiilling et al., 1993) or the rate of IAA metabolism or the in vivo hydrolysis of exogenously supplied IAA Glc ester (Nilsson et al., 1993) .
So far, the demonstration that rolB has no effect on auxin levels aiid metabolism in transgenic plants has been based on measurements camed out on tissue fragments in which rolB gene expression was inferred from morphological alterations seen in whole plants (Nilsson et al., 1993; Schmiilling et al., 1993) . Therefore, the possibility that significant changes in the size of auxin pools could be restricted to special cell types and consequently could escape from analysis when large organ fragments were extracted cannot be tlisregarded. The opposite observation, showing that tobacco plants transformed with rolB under the control of the anther-specific tapl promoter displayed impaired flower developmen t associated with an increase in free IAA content in anthers (Estruch et al., 199:l; Spena et al., 1992) , could likewise be questioned because hormone measurements were not done lon the rolBexpressing tapetum cells but rather on whole anthers. These ambiguities could be largely removed by using kobacco leaf protoplasts, because the increase in sensitivity of the electrical membrane response induced by auxin, characteiistic of roZB expression, is homogeneously observed in the protoplast populatiion. In addition, because the expression of the rolB gene can be triggered by exogenous auxin (M,mrel et al., 1990; C,apone et al., 1991) , BBGUS 6 protoplasts offered the unique opportunity to test possible modifications of the uptake and metabolism of auxin during the time course of the auxin-intduced rolB gene expression and the appearance of the increased auxin sensitivity associated with this expression.
In conclusion, this work presents new results that demon- Estruch et al. (1991) . In addition, we show that the expression of the rolB gene does not modify the intra-and extracellular concentrations of exogenous auxin experienced by the tobacco protoplasts under the conditions used to assay their electrical response. Our data reinforce the idea that the increase in auxin sensitivity observed in rofB-transformed protoplasts likely results from changes in their auxin perception pathways.
